To evaluate treatment outcomes of minimally invasive plate osteosynthesis (MIPO) for distal femoral fractures in 31 patients. Methods. 22 male and 9 female consecutive patients aged 21 to 65 (mean, 42) years underwent minimally invasive plate osteosynthesis using a locking compression plate (LCP) for distal femoral fractures. The causes of injury were vehicular accidents (n=24), falls (n=6), and assault (n=1). According to the AO classification, the fractures were classified as types A1 (n=10), A2 (n=7), and A3 (n=14). Most fractures were closed; 3 were Gustilo type-II fractures. Clinical and functional outcomes were assessed using the Knee Society Scores. results. The mean operating time was 70 (range, 60-100) minutes. The mean length of hospital stay was 9 (6-14) days. The mean time to union was 3.7 (range, 2.8-4.6) months. The mean follow-up period was 18 (14-26) months. At the one-year follow-up, 29 of the patients had good or excellent outcomes. No Minimally invasive plate osteosynthesis using a locking compression plate for distal femoral fractures patient had angular or rotational deformity of >10º. One osteoporotic woman with a type-A1 fracture had implant failure at 10 weeks and underwent revision surgery. Another patient with a type-A1 fracture had persistent pain on the lateral aspect of the distal thigh and underwent implant removal at 22 months. No patient developed deep infection, malunion or nonunion. conclusion. MIPO using a LCP achieves favourable biological fixation for distal femoral fractures with few complications. Bone grafting is not needed even in cases of metaphyseal comminution. Proper patient selection and preoperative planning are essential to prevent complications.
is a challenge to conventional plate fixation. The locking compression plate (LCP) forms a fixed angle construct and enables placement of the plate without any contact to the bone. [2] [3] [4] [5] It can therefore be used in metaphyseal comminution. The pull-out strength of locking screws is substantially higher than that of conventional screws, and it is difficult for one screw to pull out or fail unless all adjacent screws do so. [2] [3] [4] [6] [7] [8] This enables a better hold in osteoporotic bones. The LCP acts as an internal fixator 9 and can be used for minimally invasive plate osteosynthesis (MIPO). We evaluated treatment outcomes of MIPO for distal femoral fractures in 31 patients.
Materials and Methods
Between August 2006 and December 2008, 22 male and 9 female consecutive patients aged 21 to 65 (mean, 42) years underwent minimally invasive plate osteosynthesis using a LCP for distal femoral fractures. Patients with type-IIIB or -IIIC fractures or with infection were excluded. The causes of injury were vehicular accidents (n=24), falls (n=6), and assault (n=1). According to the AO classification, the fractures were classified as types A1 (n=10), A2 (n=7), and A3 (n=14) [Table] . Most fractures were closed; 3 were Gustilo type-II fractures. 11 patients injured the left side. Two patients had associated fractures of the middle-third shaft of the ipsilateral tibia and fibula (AO type 42A), which were treated with intramedullary interlocking nailing.
Below-knee skin traction was applied until surgery. Open fractures were thoroughly debrided and intravenous antibiotics (cephalosporins and aminoglycosides) were administered for 2 days before surgery. The wounds were closed after fracture fixation.
Monoaxial, pre-contoured, stainless steel LCPs of the same make were used. Intravenous cefotaxime 1 g was given preoperatively. A tourniquet was used. Under fluoroscopic guidance, a transverse incision was made over the lateral aspect of the distal femur at the level of the intercondylar notch. The breadth of the incision was 0.5 to 1 cm more than the maximum width of the metaphyseal flare of the plate. The tensor fascia lata was split along the direction of its fibres. A submuscular tunnel was created using an osteotome. All reduction was achieved by indirect methods. 10 This involved using small bolsters/bumps placed underneath the distal thigh to correct saggital plane deformities. Reduction clamps and traction were used to correct alignment in the coronal plane. Under image intensifier guidance, alignment and rotation were restored by judging the hip rotation on the uninjured side using the lesser trochanter as a guide. 11 The distal fragment was held in the same position as that for the intact femur. Leg length was maintained by traction.
Following reduction, appropriate-sized plates (with 6 to 12 holes) were slid in a distal-to-proximal direction over the lateral aspect of the distal femur. The length of the plate was determined intraoperatively after reduction. At least 3 screw holes were beyond the proximal extent of the fracture, and distally the plate did not extend beyond the joint line. 4 For proximal fixation, 2, 3, and 4 locking screws were used in one, 8, and 16 patients, respectively. The remaining 6 patients used 2 locking screws and one simple cortical screw (for compression) in between. All proximal screws were bicortical. For distal fixation, at least 3 metaphyseal locking screws were used; their sizes did not violate the intercondylar notch space. A threaded drill sleeve was provided Patient no. with the instrumentation set and enabled accurate drilling of screw holes and therefore proper alignment of screws for proper mating of the plate and screw threads. A small incision over the proximal portion of the plate enabled reduction of the fracture and placement of compression screws/locking screws as necessary. 12 Under fluoroscopic guidance, the incision was made over the lateral aspect of the thigh at the level of the proximal screw holes. The tensor fascia lata and vastus lateralis were split in the direction of their fibres. This proximal incision was used to check the approximation of plate to bone. Reduction was sometimes maintained by Kirschner wires placed through holes in the LCP. A bridging technique 6 was used for comminuted fractures (n=25), whereas a compression technique 3,6,10,13 was used for simple fractures (n=6). Bone grafting was not performed. Postoperatively, the operated limb was kept in elevation on a splint with the knee in 10º to 15º of flexion.
Type of fracture
Active hip and knee mobilisation and static quadriceps exercises were allowed at postoperative day 1. Weight bearing was initiated depending on the radiological evidence of bone union. Full weight bearing was not permitted until consolidation of the fracture site. The progress of healing was assessed with routine anteroposterior and lateral radiographs at 4 weekly intervals up to 24 weeks, then every 3 months up to one year, and 6 monthly thereafter. Bone union was defined as bridging callus across the fracture site on both anteroposterior and lateral radiographs in the absence of migration, loosening or breakage of hardware, and a painless fracture site during weight bearing. Clinical and functional outcomes were assessed using the Knee Society Scores. 14 
results
The mean operating time was 70 (range, 60-100) minutes. The mean length of hospital stay was 9 (6-14) days. The mean follow-up period was 18 (14-26) months. Respectively in type-A1, A2, and A3 fractures, the mean time to union was 3 (range, 2.8-4.2) months, 3.7 (range, 2.8-4.2) months, and 4 (range, 3.7-4.6) months. The overall mean was 3.7 (range, 2.8-4.6) months. At the one-year follow-up, 29 of the patients had good or excellent outcomes, and 30 had returned to their pre-injury functional level. All patients had satisfactory bone union, except for a 62-year-old osteoporotic woman with a type-A1 fracture (fixed with 3 distal and 2 proximal screws) who had implant failure at 10 weeks ( Fig. 1) . Her screw-plate system backed out as a whole from the proximal fragment. She underwent revision with a longer plate and achieved bone union 18 weeks later, with a good Knee Society Score. One 54-year-old man with a type-A1 fracture had persistent pain on the lateral aspect of the distal thigh ( Fig. 2) , probably owing to irritation of the tensor fascia lata or large distal flare of the plate. The patient underwent implant 15 Good fixation outcomes depend on bone quality, fracture complexity, and surgical techniques. In our series, the patients were relatively young, and the fractures were mainly extraarticular, which is not difficult to treat even with other fixation devices. Conventional screw-plate systems (condylar buttress plates and dynamic condylar screws) depend on the bone-plate interface for stability. 1, 16, 17 When screws are tightened, the plate compresses against the cortex and maintains stability. The stability of the standard screw depends on bone quality. In metaphyseal comminution, the holding power of the screw is compromised leading to failure of the screw-plate system. In addition, such systems have technical problems such as primary and secondary loss of reduction and compression of the periosteum leading to disturbance of the cortical blood supply. 18 Fixation with the dynamic condylar screw requires at least 4 cm of uncomminuted bone in the femoral condyles above the intercondylar notch. 19 This limits its use in more distal extra-articular fractures. Soft-tissue stripping during conventional plating adds a biologic insult to the poor bone quality as in metaphyseal comminution and osteoporotic bones. These may lead to poor outcomes such as non-union, implant failure, malunion, and infection. 20 Intramedullary nailing involves opening the joint and is associated with nail protrusion into the joint 19 and joint pain. 21, 22 The intra-articular entry portal could lead to knee stiffness, patellofemoral problems, and knee sepsis, 19 and is associated with a higher rate of revision surgery for implant removal, 22 poor results, and more complications within 5 cm of the intercondylar notch. 23 Locking plate systems such as the Less Invasive Stabilization System (LISS) 24 have been extensively used for distal femoral fractures. 12, 15, 25, 26 LISS has a lower risk of early implant loosening than the dynamic condylar screw 27 and promotes early mobilisation 28, 29 and rapid healing without bone grafting, 28 with low rates of infection 28, 29 and less blood loss. 29 The LCP differs from the LISS in that the LCP has combination holes 6 and does not have a jig. 24 Pain over the lateral aspect of the distal femur following fixation with the LISS has been attributed to the jig. 26 The LCP acts on the internal fixator principle 9 and enables percutaneous plating, as screws once locked to the plate do not pull the fracture towards the implant, and hence there is no displacement of the fracture once reduced. 2 The LCP is compatible with MIPO, as it preserves periosteal blood supply and bone perfusion, and requires less soft-tissue dissection. All these enhance fracture healing. 6, 7, 30 In a locking plate system, bone healing is achieved indirectly by callus formation because stability is maintained at the angular stable screw-plate interface. 6 The combination holes in the LCP are for placing compression screws 6 in the diaphyseal fragment. This is done after achieving fracture reduction and placing locking screws in the metaphyseal fragment. 
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This was especially useful in patients with simple fractures (type A1). A limited proximal incision 12 helped in placement of locking screws on either side of the compression screw. The bridging principle 3, 10, 13 is particularly useful for comminuted fractures (AO type A3, Fig. 3 ) when a minimally invasive approach is used. It preserves the fracture haematoma and reduces the need for bone grafting. 31 Many studies combining the LCP and MIPO have shown improved results over traditional methods. In 22 periprosthetic supracondylar femoral fractures (3 A1, 8 A2, and 11 A3 fractures) above a total knee arthroplasty treated with a locking condylar plate using MIPO and indirect reduction methods and followed up for a minimum of 15 months, 32 19 achieved bone union. Complications included infected non-union, aseptic non-union, fracture of proximal screws, and progressive coronal plane deformity.
In studies of periprosthetic knee and hip fractures treated with locking plates using percutaneous insertion techniques, 33, 34 the results were better than traditional fixation methods, although the percutaneous procedure is technically more demanding. MIPO using a LCP is reliable and safe for treatment of distal tibial fractures, [35] [36] [37] [38] as well as complex fractures and in revision operations. 39 Locking screw-plate constructs are stronger than blade-plate systems in both cyclic loading and ultimate strength in biomechanical testing of simulated A3 distal femoral fractures. 40 In our study, one patient had implant failure at 10 weeks, probably owing to improper implant selection and inattention to the principles of LCP-MIPO. Although it is recommended that 2 or 3 screws be used on either side of the fracture, 4 the implant backed out with the 2 locking screws from the proximal fragment. In simple fractures with a small interfragmentary gap (as in this patient with an A1 fracture), omission of one or 2 screw holes on each side of the fracture is recommended to initiate spontaneous fracture healing, including callus generation. 4 The plate should have a high plate-span ratio and a low plate-screw density. 41 Subsequently, we started using 3 or 4 locking screws proximally and distally in osteoporotic patients. Also, the compression technique was used in simple A1 fractures in which adequate bone compression was needed as in transverse fracture lines.
MIPO using a LCP achieves favourable biological fixation for distal femoral fractures with few complications. Bone grafting is not needed even in cases of metaphyseal comminution. Proper patient selection and preoperative planning are essential to prevent complications. The use of ≥3 locking screws is preferable in osteoporotic bone.
